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PROBLEM TO BE SOLVED: To provide a solar battery 
which can maintain proper cell characteristics and is 
coated with a lead-free solder which does not contain 
lead. 

SOLUTION: This solar battery includes electrodes 5, 6 
which are coated with a lead-free solder which does not 
contain lead. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The solar battery which has the electrode by which coating was carried out by the 
lead-free soldering which does not contain lead. 

[Claim 2] The solar battery according to claim 1 characterized by said electrode being an 
electrode formed by calcinating a paste. 

[Claim 3] The solar battery according to claim 1 characterized by said electrode being an 
electrode formed by either metal vacuum deposition, the sputtering method or the galvanizing 
method. 

[Claim 4] Said lead-free soldering is a solar battery according to claim 1 characterized by being 
Sn-Bi-Ag system solder. 

[Claim 5] Said lead-free soldering is a solar battery according to claim 1 characterized by being 
Sn-Ag system solder. 

[Claim 6] Said paste is a solar battery according to claim 2 characterized by containing the end 
of silver dust, glass powder, an organic vehicle, an organic solvent, oxidation ****, and a 
halogenide. 

[Claim 7] The solar battery which has the electrode by which coating was carried out by the 
lead-free soldering which does not contain lead after being washed by the flux which consists of 
resin, a solvent, and a resin stabilizer. 

[Claim 8] Interconnector for solar batteries by which coating was carried out by lead-free 
soldering. 

[Claim 9] The string who wired by the interconnector for solar batteries by which coating was 
carried out by the lead-free soldering which does not contain lead in the solar battery which has 
the electrode by which coating was carried out by the lead-free soldering which does not 
contain lead. 

[Claim 10] the lead-free soldering used for said solar battery, the lead-free soldering used for 
said interconnector, and ** — the string according to claim 9 who is the same presentation. 
[Claim 11] The lead-free soldering used for said solar battery, or the string of lead-free soldering 
** used for said interconnector according to claim 9 who contains Bi in either at least. 
[Claim 12] The solar battery according to claim 4 said whose content of Bi is 3 - 89 % of the 
weight. 

[Claim 13] The string according to claim 1 1 said whose content of Bi is 3 - 89 % of the weight. 
[Claim 14] The lead-free soldering used for said solar battery, or the string of lead-free soldering 
** used for said interconnector according to claim 9 who contains Ag in either at least. 
[Claim 15] The solar battery according to claim 5 whose content of said Ag is 3.5 - 4.5 % of the 
weight. 

[Claim 16] The string according to claim 14 whose content of said Ag is 3.5 - 4.5 % of the weight. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a solar battery especially the solar battery 

coated with lead-free soldering and a string, and its ingredient. 

[0002] 

[Description of the Prior Art] The structure of the solar battery in the case of performing solder 
coating is shown in drawing 1 . n mold diffusion layer 2 is formed in the one side side used as the 
light-receiving side of the P type silicon substrate 1 where etching was performed, and the 
a nti reflection film 3 for reducing a surface reflection factor is further formed on the n mold 
diffusion layer 2. On the other hand, the rear-face aluminum electrode 4 is formed in the rear 
face of the P type silicon substrate 1. Furthermore, the silver electrodes 5 and 6 are formed in a 
part of rear face of the P type silicon substrate 1 , and the antireflection film 3 by the side of a 
light-receiving side. And coating by the solder layer 7 is performed to the silver electrodes 5 and 
6. 

[0003] Such a solar battery was manufactured by the approach as shown in draw ing 2 . That is, 
in the case of crystal system silicon, it etches to the P type silicon substrate 1 first. This is a 
substrate etching process. And n mold diffusion layer formation process which forms n mold 
diffusion layer 2 in the one side side used as a light-receiving side is performed to the etched P 
type silicon substrate 1, and the antireflection film formation process which forms the 
antireflection film 3 for reducing a surface reflection factor on it is performed. 
[0004] And with screen printing, aluminum paste is calcinated at it in an oxidizing atmosphere at 
an elevated temperature, after printing and drying the whole surface in the rear face of the P 
type silicon substrate 1 mostly, and the rear-face aluminum electrode 4 is formed in it. This is 
rear-face aluminum paste printing and desiccation / baking process. 

[0005] Furthermore, with screen printing, a silver paste is printed in the shape of a pattern to a 
part of rear face of the P type silicon substrate 1, and the antireflection film by the side of a 
light-receiving side, it calcinates in an oxidizing atmosphere at an elevated temperature, and the 
silver electrodes 5 and 6 are formed. That is, make it calcinate by performing rear-face silver 
paste printing / desiccation process dried after performing rear-face silver paste printing, and 
form the silver electrode 6, light-receiving ****** paste / desiccation process further dried 
after performing light-receiving **** paste printing is made to calcinate by carrying out, and the 
s il ver electrode 5 is formed. In addition, when making the silver electrode 5 and the silver 
electrode 6 calcinate, it is possible to perform the coincidence baking process which coincidence 
is made to calcinate. Then, the solar battery element formed as mentioned above is made 
immersed for several 10 seconds in ordinary temperature to the flux containing an activator. This 
is a flux immersion process. After making a solar battery element immersed to flux, warm air 
desiccation is carried out, it is immersed in the 6:4 eutectic solder bath containing silver for 
about 1 minute 2 about 195-degree C% of the weight, and coating by the solder layer 7 is 
performed to the silver electrodes 5 and 6. This is a solder coating process. 
[0006] After coating by the solder layer 7 is completed and repeating ultrasonic cleaning in 
ordinary temperature underwater or the inside of warm water several times, a pure-water rinse 
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is performed at the last and warm air desiccation is performed. This is washing / desiccation 
process. According to the process mentioned above, manufacture is manufactured in a solar 
battery. 

[0007] On the other hand, the string who connected the solar battery by interconnector is 
shown in drawing 3 . That is, drawing 3 is drawing showing the conventional string, coating of the 
surface main electrode 1 1 of a solar battery 10 is carried out with 6:4 solder, and two or more 
solar batteries 10 are connected by the interconnector 12 by which coating was carried out with 
6:4 solder. Such a string was manufactured by the approach as shown below. That is, the 
interconnector 1 2 which coated copper lead wire with 6:4 eutectic solder is connected to the 
main electrode 1 1 of a solar battery 10 by carrying out melting and cooling solidification by hot 
blast spraying of about 400 degrees C in piles. This was repeated with the table and the flesh 
side, the string was produced, and manufacture of a solar cell module was presented. 
[0008] In recent years, the damage from a viewpoint of an environmental problem to the leaden 
body is regarded as questionable, and development is progressing in the direction which does not 
use lead from various devices. And also in manufacture of a solar battery, it is strongly anxious 
for manufacturing in the state of the lead free-lancer who does not contain lead from the 
industry. 

[0009] However, the solar battery using a lead free-lancer's solder was not produced until now. 
For example, when solder coating was performed by Sn bath excluding lead from the 
conventional 6:4 eutectic solder, the silver in a silver paste sintered compact will be incorporated 
during Sn bath, and there was a problem that-izing of the electrode could not be disappeared 
and carried out [ solar battery ] in some places. This is considered to be because for about 50 
degrees C of melting points of Sn to have become an elevated temperature compared with 231.9 
degrees C and 183 degrees C of 6:4 eutectic solder. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention is for solving an above-mentioned 
problem, and it is in offering the solar battery coated by the lead-free soldering which maintains 
a good eel property and does not contain lead. Moreover, this invention aims also at offering the 
string who connected the solar battery by such interconnector and who has dependability while 
it offers the interconnector which has the lead wire coated with lead-free soldering. 
[0011] 

[Means for Solving the Problem] The solar battery concerning this invention is a solar battery 
which has the electrode by which coating was carried out by the lead-free soldering which does 
not contain lead. 

[0012] Moreover, the solar battery concerning this invention is a solar battery characterized by 
said electrode being an electrode formed by calcinating a paste. 

[0013] Moreover, the solar battery concerning this invention is a solar battery characterized by 
said electrode being an electrode formed by either metal vacuum deposition, the sputtering 
method or the galvanizing method. 

[0014] Moreover, the solar battery concerning this invention is a solar battery characterized by 
said lead-free soldering being Sn-Bi-Ag system solder. 

[0015] Moreover, the solar battery concerning this invention is a solar battery characterized by 
said lead-free soldering being Sn-Ag system solder. 

[0016] Moreover, the solar battery concerning this invention is a solar battery characterized by 
said paste containing the end of silver dust, glass powder, an organic vehicle, an organic solvent, 
oxidation and a halogenide. 

[001 7] Moreover, the solar battery concerning this invention is a solar battery which has the 
electrode by which coating was carried out by the lead-free soldering which does not contain 
lead, after being washed by the flux which consists of resin, a solvent, and a resin stabilizer. 
[0018] Moreover, the interconnector for solar batteries concerning this invention is the 
interconnector for solar batteries by which coating was carried out by lead-free soldering. 
[0019] Moreover, the string concerning this invention is a string who wired by the interconnector 
for solar batteries by which coating was carried out by the lead-free soldering which does not 
contain lead in the solar battery which has the electrode by which coating was carried out by the 
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lead-free soldering which does not contain lead. 

[0020] moreover, the lead-free soldering by which the string concerning this invention is used 
for said solar battery, the lead-free soldering used for said interconnector, and ** he is the 
string who is the same presentation. 

[0021] Moreover, the string concerning this invention is a string of the lead-free soldering used 
for said solar battery, or lead-free soldering ** used for said interconnector who contains Bi in 
either at least. 

[0022] Moreover, the solar battery concerning this invention is a solar battery said whose 
content of Bi is 3 - 89 % of the weight. 

[0023] Moreover, the string concerning this invention is a string said whose content of Bi is 3 - 
89 % of the weight. 

[0024] Moreover, the string concerning this invention is a string of the lead-free soldering used 
for said solar battery, or lead-free soldering ** used for said interconnector who contains Ag in 
either at least. 

[0025] Moreover, the solar battery concerning this invention is a solar battery whose content of 
said Ag is 3.5 - 4.5 % of the weight. 

[0026] Moreover, the string concerning this invention is a string whose content of said Ag is 3.5 
- 4.5 % of the weight. 

[0027] The solar battery concerning this invention is a solar battery which has the electrode by 
which coating was carried out by the lead-free soldering which does not contain lead. By coating 
to the electrode of a solar battery, it is possible to protect an electrode from the humidity in a 
mechanical impact and an ambient atmosphere. Moreover, by coating to the electrode of a solar 
battery, in case solar batteries are connected in interconnector, it is possible to make wiring 
easy. 

[0028] Dra w ing 4 is a solar battery concerning this invention, and is the same as the 
conventional solar battery of drawing 1 except solder layer 8. That is, although the solder layer 8 
was the solder layer 7 which is 6:4 eutectic solder conventionally, it is the solder layer 8 which is 
lead-free soldering in this example. 

[0029] As lead-free soldering, it is possible to use Sn-Bi-Ag system solder or Sn-Ag system 
solder. Sn-Bi-Ag system solder or Sn-Ag system solder is solder with the melting point lower 
than Sn solder. Here, Sn-Bi-Ag system solder is Sn-Bi-Ag system solder containing 0.1% or 
more of Ag. Moreover, Sn-Ag system solder is Sn-Ag system solder containing 0.1% or more of 
Ag. In Sn-Bi-Ag system solder, if the content of Bi is 3 - 89 % of the weight, it is suitable. 
Moreover, it is still more suitable if the content of Bi is 35 - 60 % of the weight. Thus, setting up 
the content of Bi is based on the following reasons. That is, in order to perform a solder DIP 
process satisfactory, it is desirable to carry out at about 195 degrees C which is the present DIP 
temperature, and it is necessary to carry out below 225 degrees C which is a limitation practical 
in respect of a property, dependability, etc. at least. In 0.1 %Ag content, Bi is 5 - 88 % of the 
weight, and, in 1.3%Ag content, ** of the presentation used as the melting point of 225 degrees C 
or less is 3 - 89 % of the weight. On the other hand, in 0.1 %Ag content, Bi is 27 - 79 % of the 
weight, and, in 1.8%Ag content, Bi of the presentation used as the melting point of 195 degrees C 
or less is 35 - 60 % of the weight. As mentioned above, in Sn-Bi-Ag system solder, if the 
content of Bi is 3 - 89 % of the weight, it is suitable. Therefore, if the content of Bi is 3 - 89 % of 
the weight, it is suitable, and it is still more suitable if it is 35 - 60 % of the weight. Ag of the 
presentation which serves as the melting point of 225 degrees C or less in Sn-Ag system solder 
similarly is 3.5 - 4.5 % of the weight. On the other hand, the presentation used as the melting 
point of 195 degrees C or less does not exist by this system. As mentioned above, in Sn-Ag 
system solder, the content of Ag is suitable for 3.5 - 4.5 % of the weight. 
[0030] As a silver paste used in case the electrode of a solar battery is produced, the end of 
silver dust, glass powder, an organic vehicle, and an organic solvent can be used as a principal 
component, and the silver paste ingredient characterized by including an iridium chloride and 
oxidation **** can be used. Moreover, as flux used in case the electrode of a solar battery is 
produced, it consists only of poly alkyl glycol system resin and a solvent, and the flux ingredient 
characterized by not including an activator can be used. That is, the flux which consists of resin, 
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a solvent, and a resin stabilizer can be used, and an electrode can be coated with lead-free 
soldering after being washed by the flux which consists of resin, a solvent, and a resin stabilizer. 
[0031] The electrode of a solar battery can be formed by calcinating a paste, and can also be 
formed by either metal vacuum deposition, the sputtering method or the galvanizing method. 
[0032] Moreover, the interconnector concerning this invention is the interconnector for solar 
batteries by which coating was carried out by lead-free soldering. 

[0033] Moreover, the string concerning this invention is a string who wired by the interconnector 
which has the lead wire by which coating was carried out by the lead-free soldering which does 
not contain lead in the solar battery which has the electrode by which coating was carried out by 
the lead-free soldering which does not contain lead. Drawing 5 shows the string using the solar 
battery concerning this invention, coating of the surface main electrode 21 of a solar battery 10 
is carried out by lead-free soldering, and two or more solar batteries 10 are connected by the 
interconnector 22 which has the lead wire by which coating was carried out by lead-free 
soldering. Here, if the lead-free soldering used for a solar battery and the lead-free soldering 
used for interconnector are the same presentations, the advantage that processing in a 
production process is easy and stable will be acquired. In addition, since each melting points 
differ when it is the presentation from which the lead-free soldering used for a solar battery and 
the lead-free soldering used for interconnector are different, the delicate temperature control in 
a soldering process etc. is needed. 

[0034] Moreover, there is the following effectiveness by [ of the lead-free soldering used for a 
solar battery, or lead-free soldering ** used for interconnector ] containing Ag in either at least. 
Namely, it is effective in delaying remarkably the elution of Ag contained in Ag paste electrode of 
a solar battery to include Ag in the lead-free soldering used for a solar battery. It is possible to, 
reduce the elution of Ag from Ag paste electrode in an interconnector soldering process on the 
other hand by including Ag in the lead-free soldering used for interconnector, even when Ag is 
not contained in solar-battery electrode side solder. 

[0035] Moreover, when [ of the lead-free soldering used for a solar battery, or lead-free 
soldering ** used for interconnector ] it contains Bi in either at least, it is possible to connect 
the electrode of a solar battery and the lead wire of interconnector, without lowering the melting 
point of lead-free soldering. Here, the content of Bi is suitable if it is 3 - 89 % of the weight, and 
if it is 35 - 60 % of the weight, it is still more suitable. When at least one side of the lead-free 
soldering which similarly is used for the lead-free soldering used for a solar battery or 
interconnector is a Sn-Ag system, 3.5 - 4.5 % of the weight is suitable for the content of the Ag. 

[0036] 

[Embodiment of the Invention] (Gestalt 1 of operation) As shown in drawing 4 , n mold diffusion 
layer 2 was formed in the single-sided front face of the P type silicon substrate 1 by which 
texture etching was carried out by the thermal diffusion of P, and the silicon nitride was formed 
by the plasma-CVD method as an antireflection film 3 on it. The commercial aluminum paste was 
printed with screen printing, it calcinated at the rear face in air after desiccation at about 150 
degrees C, and the rear-face aluminum electrode 4 was formed in it. 

[0037] n mold diffusion layer 2 and an antireflection film 3 can be formed in a single-sided front 
face, and electrode formation can be further performed to the P type silicon substrate 1 which 
formed the rear-face aluminum electrode 4 in the rear face by silver paste baking, vacuum 
deposition, the sputtering method, or the galvanizing method. 

[0038] When silver paste baking performs electrode formation, the procedure shown below can 
perform. Namely, with mull technique, the silver paste which consists of a presentation of Table 
1 is printed in the predetermined location of the rear face of the P type silicon substrate 1 at 
about 30-micron thickness, and is dried at 150 degrees C for about 4 minutes. Subsequently, the 
silver electrodes 5 and 6 on the rear face of a table can be formed by printing a silver paste in 
the shape of a pattern to the light-receiving side side of the P type silicon substrate 1, and 
calcinating for 2 minutes under 600-degree C temperature conditions and in an oxidizing 
atmosphere after desiccation. 
[0039] 
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[Table 1] 
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[0040] Moreover, when performing electrode formation with vacuum deposition, the procedure 
shown below can perform. That is, after extracting a predetermined pattern, carrying out etching 
removal of the a nti reflection film by HF and drying an antireflection-film front face by the resist 
method, it vapor-deposits by 0.1, 0.1, and the thickness of 1 micrometer in order of Ti, Pd, and 
Ag under about 70-degree C temperature conditions, respectively. Then, after making a resist 
exfoliate, a silver electrode can be formed by heat-treating under 350-degree C temperature 
conditions and in nitrogen. In addition, when forming a silver electrode by the sputtering method, 
the procedure of electrode formation can be carried out like the procedure by vacuum 
deposition. 

[0041] Moreover, when performing electrode formation by the galvanizing method, the procedure 
shown below can perform. That is, by the resist method, a predetermined pattern is extracted on 
an antireflection-film front face, and etching removal is performed for the antireflection film on it 
by HF. And after performing plating pretreatment, the nonelectrolytic plating of nickel and Ag is 
formed by 0.5 and the thickness of 2.5 micrometers, respectively. Resist exfoliation can be 
performed after that and a silver electrode can be formed by heat-treating in 150-degree-C 
nitrogen. 

[0042] It can be immersed into the flux of a presentation of the photovoltaic cell in which the 
silver electrode was made to form of Table 2, and can be immersed in the solder bath of a 
presentation shown in Table 3 after hot air drying, and the solder layer 8 can be formed. It is 
possible to make solder contain minute amount ******, antimony, and a gallium for the 
improvement in wettability. Then, it was made to dry and the solar battery was completed, after 
performing a rinse by pure water or hot pure water. In addition, although Sn-Bi-Ag system solder 
and Sn-Ag system solder are indicated as lead-free soldering in Table 3, an electrode can be 
covered even if it is which thing. 
[0043] 

[Table 2] 
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[0044] 
[Table 3] 







Sn-Bi-Ag ^ 


193 


Sn-Ag 


222 



[0045] The characteristic inspection of this solar battery was conducted and FF value judged 
that 0.69 or less thing is poor. When the phenomenon, i.e., the phenomenon in which the silver in 
a silver paste sintered compact will be incorporated during Sn bath, and-izing of the electrode 
cannot be disappeared and carried out [ solar battery ] in some places, in which a silver paste 
sintered compact is consumed by the solder bath occurs, FF value falls sharply and can judge a 
defect easily. Only the Sn as a conventional method shows a comparison result with a bath in 
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Table 4. Formation of an electrode used each formation approach of the paste calcinating 
method, vacuum deposition, the sputtering method, and the galvanizing method. In addition, the 
number of trials was 5. The plating presentation concerning this invention covered the electrode 
with the both sides of Sn-Bi-Ag system solder or Sn-Ag system solder. 
[0046] 
[Table 4] 
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[0047] In the case of which [ of a Sn-Bi-Ag system or a Sn-Ag system ], that judge that is poor 
in FF value did not have a solder presentation irrespective of the electrode formation approach. 
On the other hand, even if it was the case where a solder presentation was [ the electrode 
formation approaches ] any only in the case of Sn, the defect of FF value was judged in all with 
five trials. 

[0048] Therefore, even if it is which electrode formation approach of the paste calcinating 
method, vacuum deposition, the sputtering method, and the galvanizing methods by using the 
Sn-Bi-Ag system solder or Sn-Ag system solder which is low temperature-ized solder compared 
with Sn solder, he can understand that good solder coating is possible to a metal electrode. 
[0049] In addition, copper etc. can be used as an upper metal instead of using silver as the upper 
metal, even if it is which electrode formation approach of the paste calcinating method, vacuum 
deposition, the sputtering method, and the galvanizing methods. In addition, as for the upper 
metal, in the case of the galvanizing method or vacuum deposition, it is common to form 2-3 
kinds of metals in order, but it is a metal in the layer of the outermost part in that case. 
Moreover, in the galvanizing method, electrode formation can be performed not only by 
nonelectrolytic plating but by the electrolysis galvanizing method. Moreover, it is only that the 
solar battery concerning this invention changes a solder ingredient, and in any way, there is no 
complexity and it can apply all the conventional solar-battery formation processes as they are. 
[0050] (Gestalt 2 of operation) The silver paste ingredient to a lead-free soldering ingredient was 
compared. As a silver paste, the silver paste containing the end of silver dust, glass powder, an 
organic vehicle, an organic solvent, oxidation ****, and a halogenide was used. Specifically, it is 
the silver paste indicated in Table 1. On the other hand, as an example of a comparison, the 
silver paste (DuPont company 8050S) of a commercial item was used. The same cel-ized 
procedure was used as the gestalt 1 of operation indicated as a procedure of cel-izing. In 
addition, the technique same as the electrode formation technique as the gestalt 1 of operation 
was used. It is as the gestalt 1 of the operation also as an assesment method about FF value 
having explained. A result is shown in Table 5. The number of trials was set to 5. 
[0051] 



[Table 
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[0052] When which solder of Sn-Bi-Ag system solder or Sn-Ag system solder was used and an 
electrode was formed as a solder ingredient using a silver paste given in Table 1, the poor 
number of poor FFs did not have FF value. On the other hand, when Sn solder was used, even if 
it formed the electrode using the silver paste given in Table 1, in all with five trials, FF was poor. 
In addition, when which solder of Sn-Bi-Ag system solder or Sn-Ag system solder was used and 
an electrode was formed using a commercial silver paste, in all with five trials, FF was poor. 
Moreover, when Sn solder was used and an electrode was formed using a commercial silver 
paste, in all with five trials, FF was poor. When an electrode is formed from the result of Table 5 
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using a commercial silver paste, even if it is the solder bath indicated in Table 3, it turns out that 
solder coating is inadequate. 

[0053] (Gestalt 3 of operation) The flux ingredient was compared with the gestalt 3 of operation. 
The silver paste used for electrode formation used what was indicated in Table 1. Flux compared 
both using the flux indicated in Table 2, and the flux (SFmade from SANWA chemistry- 60) of a 
commercial item. In addition, the flux (SFmade from SANWA chemistry- 60) of a commercial item 
contains the halogenated compound. 

[0054] The same ceHzed procedure was used as the gestalt 1 of operation indicated as a 
procedure of ceHzing. In addition, the technique same as the electrode formation technique as 
the gestalt 1 of operation was used. It is as the gestalt 1 of the operation also as an assesment 
method about FF value having explained. The number of trials was set to 5. The number of poor 
FFs in case FF value becomes poor was judged. 

[0055] On the other hand, the visual inspection after a humidity test (85 degrees C, 85%RH, 
500h) was added as simple reliability evaluation. It turns out that this humidity test carries out 
the eel which finished solder coating to the eel which carried out washing desiccation by the 
above-mentioned approach, corrosion powder is generated and a defect can be easily 
distinguished or solder and silver will discolor, if washing of staining substances, such as a 
halogen, is inadequate. What was distinguished from the defect was judged that dependability is 
poor as a result of the humidity test. The result of the above-mentioned number of poor FFs and 
the result of the number of poor dependability are shown in Table 6. 
[0056] 
[Table 6] 
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[0057] If a lead-free soldering presentation is used from the result of Table 6 when flux given in 
Table 2 is used, there is no number of defects in electrode coating, and he can understand that 
there is moreover no number of defects also in dependability. If a lead-free soldering 
presentation is used on the other hand when the flux containing a commercial activator is used, 
although electrode coating can be performed, in dependability, most becomes poor and it turns 
out that it is not practical. 

[0058] (Gestalt 4 of operation) The gestalt 4 of operation estimated soldering nature and the 
dependability in a string condition, when the solder presentation which covers the electrode of a 
solar battery, the solder presentation which covers the lead wire by the side of interconnector, 
and ** combined. Flux is not used in soldering. A result is shown in Table 7. 
[0059] 
[Table 7] 
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[0060] As a result, it faces forming a string in any combination, wiring connection is possible, and 

it turns out that it moreover also has the dependability in a string condition. 

[0061] 

[Example] The solar battery concerning this invention as shown in drawing 4 was produced by 
the following technique. That is, by 330 microns in thickness by which texture etching was 
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carried out, n mold diffusion layer 2 which has the field resistance of about 50ohms / ** in the 
single-sided front face of the P type silicon substrate 1 of 125mm square shape by the 900- 
degree C thermal diffusion of P was formed, and about 60nm silicon nitride was formed by the 
plasma-CVD method as an antireflection film 3 on it. The commercial aluminum paste 4 was 
printed at the rear face with screen printing, it calcinated at it at 700 degrees C after 
desiccation and among air by about 150 degrees C, and the flesh-side aluminum electrode 4 was 
formed in it. 

[0062] Then, the electrode was formed by the silver paste calcinating method. Namely, the silver 
paste 6 which consists of a presentation of Table 1 was printed to the position on the back in 
the law at about 30-micron thickness, and it dried at 150 degrees C for about 4 minutes. 
Subsequently, the silver electrode on the rear face of a table was formed by calcinating the 
silver paste 5 for 2 minutes in 600 degrees C and an oxidizing atmosphere after printing / 
desiccation in the shape of a pattern to a light-receiving side side. 

[0063] Thus, it was immersed for 1 minute under ordinary temperature into the flux of a 
presentation of the produced solar-battery-ized eel of Table 2, and was immersed in the solder 
bath of the presentation shown in Table 3 for 1 minute after hot air drying for [ 100 degrees-C ] 
1 minute, and the solder layer 8 was formed. In solder, minute amount ******, antimony, and a 
gallium contain for the improvement in wettability. This was dried after the rinse for a total of 5 
minutes by pure water and hot pure water, and the solar battery was completed. 
[0064] Moreover, width of face is immersed by 2mm in the copper wire whose thickness is 
0.2mm at the solder bath of a desired presentation, and the interconnector concerning this 
invention can be manufactured by the approach of rolling round with constant speed and pulling 
out. 

[0065] Moreover, the string concerning this invention is manufactured as follows. That is, as 
shown in drawing 3 , once setting the interconnector cut into the desired die length so that the 
light-receiving side electrode of a solar battery may be touched, spraying every interconnector 
degrees C [ about 400 degrees C ] hot blast and dissolving the solder, interconnector and a solar 
battery are made to unify by cooled and solidifying. Then, it is possible to manufacture the string 
concerning this invention by reversing a solar battery and performing the same process also to 
the rear-face lateral electrode of a solar battery. 

[0066] In addition, it should be thought that the gestalt and example of operation which were 
indicated this time are [ no ] instantiation at points, and restrictive. The range of this invention is 
shown by the above-mentioned not explanation but claim, and it is meant that all modification in 
a claim, equal semantics, and within the limits is included. 
[0067] 

[Effect of the Invention] It is the solar battery by which coating was carried out by the lead-free 
soldering which does not contain lead, and solving an environmental problem, it maintains a good 
eel property and the solar battery concerning this invention is a reliable solar battery. Moreover, 
the string who connected the solar battery concerning this invention by the interconnector for 
solar batteries by which coating was carried out by lead-free soldering is a string who has 
dependability, solving an environmental problem. In case the solar battery concerning this 
invention manufactures the conventional solar battery, it can be manufactured only by changing 
a solder ingredient. Therefore, the solar battery simply built over this invention can be 
manufactured by using the manufacture approach of the conventional solar battery. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the conventional solar battery. 
[Drawing 2] It is drawing explaining the production process of a solar battery. 
[Drawing 3] It is drawing explaining the conventional string. 

[ Drawin g 4] It is the sectional view of the solar battery concerning this invention. 
[ Drawin g 5] It is drawing explaining the string concerning this invention. 
[Description of Notations] 

1 A P type silicon substrate, 2 n mold diffusion layer, 3 An antireflection film, 4 5 A rear-face 
aluminum electrode, 6 A silver electrode, 7 A solder layer, 8 A solder layer, 10 A solar battery, 1 1 
The main electrode, 12 by which coating was carried out with 6:4 solder The interconnector, 21 
by which coating was carried out with 6:4 solder The main electrode, 22 by which coating was 
carried out by lead-free soldering Interconnector by which coating was carried out by lead-free 
soldering. 



[Translation done.] 
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